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SUMMARY 



This note presents the results of complete tank tests 
of 5.A.C.A, Models 22-A and 35, two flying-boat hulls of 
the deep pointed- step type with low dead rise. Model 22-A 
is ft form derived by modification of Model 22, the test re- 
sults of which are given in N.A.C.A. Technical Note No. 483 
Model 35 is a form of the same type but has a higher length 
beam ratio than either Model 22 or 22-A. 

Take-off examples are worked out using data from these 
tests and a previous test of a conventional model applied 
to an arbitrary set of design specifications for a 15,000- 
pound flying boat. The comparison of these examples shows 
both pointed-step models to be superior to the conventional 
form, and Model 35 to be the better of the two. 

Model 35 is applied to a hypothetical 100,000-pound 
flying boat of the twin-hull type and performance calcula- 
tions are made both for take-off and range. The results 
indicate that the high performance of this type of hull 
will enable the designer to use higher wing and power load- 
ings than are found in current practice, with a resulting 
increase in range and pay load. 



INTRODUCTION 



The water characteristics of a flying-boat hull of the 
pointed-step type, N.A.C.A. Model 22, are presented in ref- 
erence 1. The form of that hull was developed as a result 
of observations of the behavior of conventional hulls run* 
ning at high speeds and light loads. The type was expected 
to have low resistance in the high- speed .range , without a 
corresponding increase in hump resistance. The results 



2 



1T.A.C.A. Technical Koto No. 504 



presented in reference 1 show that the low resistance at 
high speeds was realized, "but that the hump resistance 
for a given load coefficient vras soaevrhat higher than that 
of a good conventional hull. The remedy for this undesir- 
able condition appeared to consist of altering the fore- 
body of Model 22, to give a longer flat on the forebody 
planing bottom. The tests of Model 22 also showed that a 
pronounced roach, or feather, was formed aft of the stern- 
post at certain speeds. The addition of a tail extension 
suitable for supporting the aerodynamic control surfaces 
w?,.s exoected to suppress this roach. Model 22 was modified 
according to these ideas, and the resulting form was desig- 
nated Model 22- A. 

The results of the tests on Model 22 indicated that 
tVe ty-oe offered sufficient promise to warrant the appli- 
cation' of the pointed step to a hull of higher length-beam 
ratio, suitable for use on a single-float seaplane or a 
twin-hull flying boat. 1T.A.C.A. Model 35, having a length- 
beam ratio of 6.15, was designed for this purpose. 

Tests of these two models were made in the ft.A~.CA, 
tank during November and December, 1933. The complete 
tyoe of test was used in this investigation, in order to 
obtain design data suitable for seaplanes having a wide 
range of gross loads and get-away speeds. 



APPARATUS AKD METHODS 

The N.A.C.A. tank and associated equipment are dis- 
cussed in detail in reference 2. The apparatus used in 
making the present tests was as described except for a _ 
change in the method of suspending the towing gear. xhi s 
change will be discussed in a future report. 

The complete method discussed in reference 3 was used 
in making the present tests. The procedure is to tow the 
model at a series of loads, speeds, and trim angles select- 
ed to include any combination of these variables at which 
the hull may operate. The resistance, trimming moment, 
speed, and draft of the stop were measured for each test 
pb int . 

An unusually wide range of loads was used in testing 
Model 35 in order to reach the high load coefficients at 
which the model would operate if applied to a float sea- 
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plane or a twin-hull flying boat. The high length-beam 
ratio of Model 35 makes it applicable to these types as 
well as to the conventional single-hull flying boat. 



DESCRIPTION OF MODELS 



- Model 22-A was derived from Model 22, which is de- 
scribed in reference 1. The changes, made in 22 to form 
22-A can best be seen by comparing the lines of the two 
models shown in figure 1. The forebody was lengthened 
5.7 percent over that of 22 and the bow was made lower, 
reducing the curved portion of the buttocks and thus mak- 
ing the straight portion of the buttocks extend much far- 
ther forward of the step than in Model 22. A tail exten- 
sion of the type used principally, for supporting the aero- 
dynamic control surfaces was added to 22-A. The maximum 
beam, step depth, angle of dead rise, and afterbody shape, 
exclusive of the tail extension, are the same as in Model 
22. 

The lines of Model 35 are : shown in figure 2. Model 
35, like 22-A, has a deep pointed step, a horizontal 
afterbody, and a low angle of dead rise. The principal 
differences from 22-A are a greater length-beam ratio, a 
slightly longer forebody, and a 5° increase in the angle 
of dead rise. The high length-beam ratio makes this model 
applicable to float seaplanes and twin-hull flying boats, 
as well, as to conventional single-hull flying boats. Model 
35 was made without a tail extension aft of the sternpost 
because its effect on the performance of Model 22-A had 
been slight. These lines may be used as theyare in a de- 
sign carrying the tail surfaces on outriggers, or with an 
added tail extension for a design carrying the surfaces on 
the hull structixre. 

Both models were made of laminated mahogany and cov-- 
ered with plywood decks. The surface was finished with 
several coats of grey enamel rubbed smooth. 
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The principal dimensions of Models 22, 22-A, and 35 

are : 

Model 22 22^A 35 



Length over-all, including tail 
extension, inches 

Length from bow to afterbody 
st ernpo st , inches 

Maximum beam, inches 

Depth over-all, inches 

Depth of step, inches 

Angle; of dead rise., degrees 

Angle between keels, degrees 

Complete offsets of Models 22-A 
les I and II, respectively. 

. RESULTS 





98.75 




76 


78.75 


80 


17 


17 


13 


12 


12 


11 


2.94 


2.94 


2 


10 


10 


15 


0 


0 


0 



and 35 are given in tab- 



les t_da_tjL,- Tables III and IV give the speeds, resist- 
ance, trim angles, drafts, and trimming moments of Models 
22-A and 35 obtained directly from observed data by deduct- 
ing the usual tares as discussed in reference 3. The same 
data, with the exception of drafts, are given graphically 
in figures 3 to 8 for Model 22-A, and figures 16 to 20 for 
klodel *35. Each figure represents the data for one trim an- 
gle, giving resistance and trimming moment plotted against 
speed with the load on the water as the parameter. 

All moments are measured about the centers of moments 
of the respective models as located in figures 1 and 2. 
The measured moments must be transferred to the actual 
center of gravity of any design to which the data are ap- 
plied. Moments that tend to raise the bow are considered 
positive . 

The trimming moments and drafts at rest are given in 
figures 9 and 10 for Model 22-A and figures 21 and 22 for 
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Model 35, These curves may he used to determine the water 
line at rest for any load and cent er-of-gravi ty position. 
The trimming-momont curves also give the longitudinal 
righting moments of the hull at rest. 

Eaadim^a^LaiLaL^r^sult s . - The number of independent 
variables in the test data makes their application to de- 
sign difficult, A method of avoiding the difficulties and 
reducing the number of variables is discussed in reference 
3, The procedure consists of determining the minimum re- 
sistance and best trim angle for each speed and load by 
plotting resistance against trim angle for the given speed 
with the load on the water as a parameter. Curves of mini- 
mum resistance and best trim angle are then plotted against 
load for each speed. The results are reduced to nondimen- 
sional form and plotted as curves of best trim angle and 
resistance coefficient at best trim angles against speed 
coefficient with load coefficient as a parameter. Trim- 
ming moments at best trim angles are determined by plot- 
ting trimming moments against trim angles for a given speed 
and load and reading the moment corresponding to the best 
trim angle from the curve. The results are reduced to non- 
dimensional coefficients and plotted as moment coefficient 
for best trim angle against speed coefficient with the load 
coefficient as a parameter. 

The nondimensional coefficients are defined as follows 
Load coefficient = — - 



Resistance coefficient Ct> = — t 



wb ' 

R " wb* 



u 

Trimming-moment coefficient Cvt = — r 

M wb 



V 

Speed coefficient C, r = 



V " /— 
v gb 

where A is the lo a d on the water, lb. 
R is resistance, lb. 

w is weight density of water, lb,/cu.ft. 

b is beam of hull , ft . 

M is trimming moment, lb. -ft, 
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V is speed, ft. /sec. 

g is acceleration of gravity, ft. /sec. 2 

Note: w = 63.5 lb./cu.ft. for water in the N.A.C.A. 

tank. 

. Nondimensional results are given graphically for 
Model 22-A in figures 11 to 15 and for Model 35 in figures 
23 to 27. 

Precision.-. The test results presented in the faired 
curves are "believed to "be accurate within the following 
1 imits : 

Load ±0.3 lh. 

Resistance 
Speed 

Trim angle 

Trimming moment ±1 lb. -ft. 



±0.1 lh. 
±0.1 ft. /sec. 
±0.1° 



DISCUSSION 



Sesis^nce_characterisy,cs.- The resistance of hoth 
Models 22-A and 35 was unusually low for all speeds and 
loads. The curves of resistance coefficient at the best 
trim angles against speed coefficient for Model 22-A (fig. 
12) show that the increase of resistance with speed in 
the high speed range is considerably less than that of a 
conventional hull. (See reference 4.) The improvement 
at hump speed in the ratio of load to resistance effected 
hy altering the forebody of Model 22 may "be seen from the 
comparison of the curves of A/E against C£ for Models 
22 and 22-A in figure 15. At high speeds the resistance 
of Model 22-A was somewhat higher than that of Model 22, 
although the form of the planing bottom actually in con- 
tact with the water at these speeds was the same in hoth 
cases. This increase is probahly caused in part by the 
higher air drag of the modified model. 

The resistance characteristics of Model 35 are shown 
hy the curves of C R against C v in figure 24 and A/E 
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against Ca in figure 27. At hump speed the resistance 
of this model for load coefficients in the range ordinari- 
ly used for flying-boat hulls (0.4 to 0.6) is considerably 
lower than that of any other hull tested in the N.A.C.A. 
tank to date. The resistance at given values of the speed 
and load coefficients in the high speed range is lower 
than that of a conventional hull (see reference 4) but 
somewhat higher than that of Ho del 22-A. At a load coef- 
ficient of 1.2, which is within the rang.e of loading gen- 
erally used for single-float seaplanes, the value of A /h 
at the hump for Model 35 is about 4.5. Good conventional 
floats usually have somewhat smaller ratio of load to re- 
sistance at the hump. 

i^£at_charac t exis t i csi . - The curves of moment coeffi- 
cient against speed coefficient for both Models 22-A and 
u5, Uigs. 14 and 26) show a pronounced positive moment at 
speeds somewhat above the hump. In some" cases the moment 
may be great enough to prevent the pilot's maintaining the 
Best ,rim angle in this region. The resistance in this 
range is not ordinarily critical, however, and a small de- 
viation from the best trim angle would not cause a serious 
increase of take-off tine or run. Throughout the other 
parts of the speed range the moments at best trim an~le s 
are low and can probably be controlled satisfactorily An 
exception to tnis statement may be noted in fi.-ure 14. The 
moment coefficients for Model 22-A a t load coefficients of 
«™J Sh ° W rather large negative values at the hump 

Ji!??: * * 2 a ^efficients in this range are used in a 
be «?!ZiS a i d f* ign ' the ce *ter °f gravity should probably 
t trill i ^rther aft than the center of moments shown i£ 

hump^ speed! 0 trim angle U&7 * e held at the 

ti n *^-~ Z - l ~--~ tA -~'~ Keithe r of the models showed objec- 
«t wJi\ V 5 ™ 7 c i iar acteristics. The bow blisters were rel- 

?he addit°o'; 11 f ^ CanSe ° f thG l0W d oad-ri S e angles. 

The addition of tne tail extension on Model 22-A served to 

?hf;n ,% r0aCh f ° rJaed at low'apeed. and heavy loads. 

n WaS presenb in the case of Model 35, but could 

a^icfto e ,°?f r011 ^ JV he Same manner if the f °™ 

f!Si t\ fl ^ l:^ng-boat design. In the case of a seaplane 

roach ' ° f /,?" e ' n ° means of oppressing this 

the ^ ! °5 M ° del 35> ho " ver - substantially 

I LlSl* % f f a conventio »al seaplane float having 

Zel* ^ \ I 61 "' 11 nC6 ' the USUal ^arance provided to 
tnnl^ t L Slirfac es out of the roach at low speeds 
snouid be sufficient. y 
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General behavior.- Ho definite information on the por- 
poiBlurcharactlrUtics of the pointed-step *• 
ahle from the resistance tests. • The construe oion of spe_ 
cial apparatus for the stud- of porpoising in- the a .A. C .A. 
tan* ifcont emplated, and the relative behavior »f various 
tv-oes of hulls will be determined as soon as this equip- 
ment is available. Although there is no reason to expect 
undesirable porpoising fron either Model 23-A or 35, quan- 
titative data on this point can only be furnished by fu- 
ture tank tusts with the spocial apparatus, or by full- 
scale experiments. 

Some tendency toward directional instability, extend- 
ing over a snail range of low speeds, was noted in refer- 
ence 1 for Model 22. The same characteristic was observed 
in Models 23-A and 35. Although it is unlikely that this 
instability would cause trouble in an actual seaplane, an 
attempt was made to reduce it by fitting spray strips to 
the forebody chine just aft of the point of maximum beam. 
The strips used were 3 /l6 inch (1.4 percent of the beam) 
in width and projected from the chine at an angle of 30 
below the horizontal. They extended longitudinally from 
a point 45 percent of the forebody length to a point 80 
percent of the forebody length from the bow. The strips 
reduced the tendency toward directional instability, ap- 
parently by allowing the curved sides of the forebody to 
run dry at a lower speed. The effect on the resistance 
and-trimming moment was small. Some. of the instability, 
apparently arising from the flow over the curved sides of 
the afterbody at low speeds and heavy loads, persisted al- 
ter the addition of the spray strips. This characteristic 
has also been observed in convent ional hulls having P°^ ed 
afterbodies, and could probably be controlled by the addi- 
tion of spray strips forward of the sternpost if the con- 
dition were troublesome. 

Take-off .examples.- Although the relative resistance 
of various "lull Is can be compared in a general way by means 
of the curves of A/R plotted against C A ( f j6»; 15 / nd 
27), the comparison is somewhat obscured when hul^s of 
different length-beam ratios are being considered. Tne 
curves give a direct compari son .on the basis of equal 
beams for a given load. Model 35, however, would crdinari- 
lv have a narrower beam for a given application than a nun 
of lower length- "beam ratio, both because the best compro- 
mise between the hump and high-speed resistance requires a 
smaller beam, and because the weight, of the longer hull 
would be excessive if the beams were made equal. Actual 
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take-off calculations offer a "better 'basis of comparison; 
hence,' several examples are included here. 

The first set of examples compares the performance of 
Models 22-A and 35 with that of a hull of the conventional 
American type, Model 11-A (reference 4), applied to a hypo- 
thetical flying boat. The design data assumed are the same 
as those used in the examples in references 3 and 4: 

Gross load 15,000 lb. 

Wing area 1,000 sq. ft. 

Power 1,000 hp. 

Effective aspect ratio, 
considering ground effect 7,0 

Parasite drag coefficient, 
excluding hull 0.05 

Airfoil Clark Y 

The method of calculating the tal:e-off performance 
from complete tank test data is described in detail in 
reference 3; hence, only the results of the calculations 
will be given. The method of selecting the beam of a 
hull of given form, outlined in that reference, is not en- 
tirely satisfactory for Model The method consists 
of choosing the beam so that the margin of thrust in the 
high-speed range is approximately the same as that at the 
hump. The unusually low resistance at high speeds of this - 
model permits the use of an excessively large beam, with- 
out serious reduction of excess thrust near get-away. The 
resulting water resistance is low throughout the take-off, 
but the weight and air drag of the hull are unnecessarily 
large. For these examples it was therefore decided to se- 
lect the beams for the Various forms so as to give approx- 
imately equal weights for the three hulls, which was' done 
by making the product of the beam times tho length' from 
the bow to the afterbody sternpost the same in the three 
cases. The bean used for Model 11-A (reference 4) was de- 
termined for the same design conditions as 8,07 feet. The 
length corresponding to this beam is 36.0 feet from the bow 
to the afterbody sternpost. 

The curves of air drag, total resistance, and propel- 
ler thrust for the three cases are shown in figure 28. The 
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thrust' curve is that used in the example in reference 3. 
The excess thrust shown in figure 23 was used to calculate 
the curves of l/a and v/a (where a is the accelera- 
tion and V the speed) shown in figures 29 and 30, in the 
manner described in reference 3. The take-off time for 
each case is given by the area under the l/a curve and tue 
run by the area under the V/a curve. It should be noted 
that the get-away speed indicated by extrapolation of the 
angle-of-attack curve was not exactly the same for the 
three cases. All three were assumed to be taken off at 
103 feet per second by means of a slight pull-up at get- 



away, 



A summary of the take-off performance of the three 
hulls is given in the following table: 



ilo&el 




11-A 


22-A 




Beam, ft. 




8.07 


7.92 


6.87 


Length (to af 
sternpost) , 


terbody 
ft. 


" 35.0 


35.7 


42.3 


Initial C A 




0.445 


0.471 


0.723 


Wing setting, 


degrees 


S.7 


6.1 


4.4 


Take-off time 


, sec. 


38.0 


33.6 


31.5 


Take-off run, 


ft. 


2,410 


1 , 920 


1 , 360 



The foregoing comparison shows that a hull of the 
pointed-step type with* low dead rise nay give a consider- 
ably shorter take-off than a conventional hull, when ap- 
plied to the same seaplane design. The importance of 
high-performance hulls in general, however, lies in their 
ability to take off with abnormally high wing and power 
loadings, thus permitting the design of seaplanes having 
a largor range and/or pay load than those now in use. In 
order to show the possibilities of such a design, the test 
data for Model 35 will be applied to a hypothetical twin- 
hull flying boat of 100,000 pounds gross load. In order 
to obtain the full advantage of the good performance of 
this model, the wing and power loading should both be made 
large, and the parasite drag reduced to a minimum. Such a 
design will have a high ratio of useful load, together with 
a reasonably fast cruising speed at low fuel consumption. 
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The aspect ratio can "be rather low in order to save struc- 
tural weight, since the induced drag is of primary import- 
ance only in climb - a minor consideration for a long-range 
flying "boat. 

An outline drawing of the hypothetical flying boat 
used in this example is shown in figure 31 • The engines 
are housed within the wing and drive through the leading 
edge. The cooling system should he of the vapor type, us- 
ing the wing surface for radiation. This arrangement seems 
to he feasible in the light of present knowledge, and is 
necessary to reduce the cruising drag to a point where non- 
stop transoceanic flights can "be made with reasonable pay 
load. 

The essential design data used in this example are as 
follows: 

Gross weight 100,000 lb 

Wing area 4,000 sq. ft. 

Total power 5,000 hp. 

(eight engines of 625 hp.) 

Aspect ratio 4.5 

Ai rfoil H.A.C.A, 4315 (data 

taken from N.A.C.A. 
T.R. ITo. 460) 

The lift and drag curves assumed for this flying boat 
are shown in figure 32, It should be noted that the ground 
effect with a water clearance of 15 feet and a span of 135 
feet, calculated by the method given in reference 5, in- 
creases the effective aspect ratio for take-off to 8.3. 
The beam of each of the two hulls was chosen as 10.92 feet, 
corresponding to a load coefficient of 0.55 and a load-re- 
sistance ratio of 6.5 at the hump speed. The angle of wing 
setting, determined by the method outlined in reference 3, 
was 6.8°. In the take-off calculation, however, a wing 
setting of 5° was used, since the resulting take-off per- 
formance is only slightly worse, and the air drag of the 
hulls at cruising speed would be somewhat less. 

The curves of thrust and total resistance for the 
take-off example are shown in figure 33. Two thrust curves 
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are shown. The lower one is cased ou eight engines of 625 
hp. each, driving fixed-pitch propel- ers designed for 1,800 
r.p.m. at top speed. The other was calculated for the same 
engines driving controllable propellers at 1,500 r.p.m. The 
propeller data r/ere taken from figuro 6 of reference 6. Al- 
though the tests were made with the propeller in front of a 
completely cowled radial engine, the;-- probably apply fairly 
well to an installation such as that assumed in this exam- 
ple. 

The curves of l/a and V/ a calculated from the 
curves of figure S3 (using the thrust for controllable pro- 
pellers) are shown in figure 34, Integration of the areas 
under the curves shows the take-off time with no wind to be 
64 seconds and the run 5,230 feet. The high power loading 
causes the take-off to be relatively long, in spite of the 
fact that the excess thrust is large compared to the total 
resistance. 

As a matter of interest the range of this hypothetical 
flying boat was calculated by the method given in reference 
7. Controllable propellers were assumed in this calcula- 
tion, and enough engines cut out as the fuel load wa3 re- 
duced to hold the operating engines at about two thirds 
maximum power. The specific fuel consumption was assumed 
to be 0.5 pound per brake horsepower hour. 

The gross load at take-off was assumed to be made up 
of 50,000 pounds eirroty weight, 2,000 pounds of oil, and 
48,000 pounds of fuel and pay load. The curves of figure 
35 show the results of the range calculations in terms of 
pay load plotted against range. The average cruising air 
speed is taken as 145 miles per hour. This value is some- 
what above the speed for maximum range with no wind, but 
gives about the maximum possible range with a 30-mile-per- 
hour heed wind. The calculated top speed of the seaplane 
is 168 miles per hour. 

It may be noted that a pay load of nearly 14,000 pounds 
could be carried 2,400 Piles against a 30- mile- per- hour 
head wind. This is about the distance of the longest non- 
stop flights required for several potential transoceanic 
air routes. Although this ratio of pay load to gross weight 
is rather low, the load carried per rated horsepower is 
about 2.75 pounds, nearly as much as that carried Tjy high- 
speed-transport land planes. 



H.A.C.A. Technical ITote Ho. 504 



13 



COIICLUDIHS EE a ABES 



The test results of Models 22-A' and 35' show that the 
point ed-step type of hull with low dead' rise is capable of 
;giying somewhat tetter take-off performance than any hull 
of conventional . type so far tested in ' tho. 17. A. C . A, tank. 
The lines and data for Model 22-A are applicable to single- 
hull flying "boats, and those of Model 35 to a range of de- 
signs including single- and twin- hull flying "boats and 
single-float seaplanes. The low resistance of these hulls, 
particularly at high speeds, suggests the possibility of 
increasing the range and pay load of flying boats of clean 
aerodynamic design, by the use of win£ and power loadings 
higher than those found in current practice. 

Wind-tunnel tests to determine the air drag of the 
pointed-step models, as well as that of a number of models 
of other types of hull, are in progress and will be report- 
ed in the near future. 



Lang ley Memorial Aeronautical Laboratory, 

National Advisory Corns! t tee for Aeronautics, 
Langley Meld, Va. , July 23, 1934. 
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TABLE I 



Offsets for NA C A. Model No 23-A Flying-Boat Hull (fnohee) 





Distance below base line 


Half -breadths 


Sta. 

No. 


Diet, 
from 
F.P . 


Keel 


B 1 
1 1.80 


B 2 
3.60 


B 3 
5.40 


B 4 
7.20 


Lower 
chine 


Lower 
cove 


Middle 
chine 


Upper 
oove 


Upper 
chine 


Lower 
chine & 
cove 


Middle 
chine & 
upper 
cove 


Upper 
chine 


W.L.I 
3 10.00 


W.L.2 
8.00 


W.L.3 
6.00 


F.P. 
1/4 
1/3 
1 

1-1/2 
2 
3 


0 
1.20 
2.40 
4.80 
7.20 
9.60 
14 . 40 


6.00 
8.77 
9.68 
10.74 
11.32 
11 .67 
11.96 


6.65 
8.66 
10.01 
10.79 
11.49 


7,49 
8.88 
9.90 
10.98 


8.25 
9.24 
10.49 


10.10 


5.00 
5.65 
6.35 
7.33 
8.24 
9.00 
10.01 






... 




0.15 
1 . 32 
3.'36 
4.09 
6.45 
6.51 
7.86 




— 


0.52 
1.56 
2.94 
6.65 


0.23 
.64 
2.08 
4.84 


0.70 
1.63 


4 


19.20 


12. 


00 


Elements or stations 
«- Straight lines from-*- 
hare aft 


10.46 










8.40 












5 

5a 

6 

7 

8 

9 


24.00 
29.00 
31.55 
36.35 
41.15 
45.95 






^Distance from cen- 
ter line (plane of 
symmetry) to but- 
tock ( section of 
bull surface made 


10 .53 
10 *53 
10.54 
10.63 
10.92 
11.39 

12.00 


7.60 
7,69 
7.98 
8.45 

9.06 


7.63 
7.62 
7.63 
7.69 

7.77 






8.50* 

8.50* 

8.43 

7,90 

6.29 

3.62 

.15 


8 .50 
8.47 
8.32 
8.04 

7.58 




2 

Distance from 
base line to 
water line 

{ Rontion of 


10 


50.75 


V4.00 
9.06 








11 


55.55 






hy 


vertical plane 






7.89 


6. 33 


6.32 




6.83 


6,87 


hull 


surface 


13 
13 
14 

15 


60.35 
65.15 
69.95 

74.75 






parallel to plane 
of symmetry) . 






8.07 
8.28 
8.52 

8.80 


6.02 
5.78 
5.62 

5.53 


f 

St. 
line 




5.84 
4.62 
3.23 

1.63 


f 

St. 
line 


made by a 
horizontal 
plane parallel 
to base line) . 


S.P. 


78 .75 


9. 
5. 


06 
50 














9.06 


5.50 


i 




.15 


_L 








T.P. 


98.75 


3.69 


















3.63 






.15 









TABLE II 



Offsets for N.A.C.A. Model No. 35 Flying-Boat Hull (Inches) 



















































Distance below base line 










Half -breadth 






Sta. 
No. 


Diet, 
from 
F.P. 


Keel 


B 1 
1 1.30 


B 2 
2.60 


B 3 
3.90 


B 4 

5.20 


Main 
chine 


Cove 


Upper 
chine 


Main 
chine 


Cove 


Upper 
chine 


W.L.I 
*10. 00 


W.L.2 
9.00 


W.L.3 
8.00 


W.L.4 
7.00 


W.L.5 
6.00 


F.P. 


0 


5 


.00 










5.00 






Tan. to 
F.P. 
















1/2 
1 

1-1/2 
2 
3 


1.35 
2.50 
4.75 

7.00 
11 . 50 


8.35 
9.37 
10.33 
10.76 
10.99 


6.48 
7.67 
9.04 
9.82 
10.48 


5.65 
6.62 
7.98 
8.93 
9.91 


7,30 
8.24 
9.38 


7.77 
8.94 


5.60 
6.13 
6.98 
7.68 
8.65 






2.86 
3.85 
4.94 
5.58 
6.25 






0.37 
1.04 
2.40 


0.32 
1.34 
2.49 
4.97 


0.26 
1.00 
2.55 
4.49 


0.85 
3.00 
4.82 


1.87 


4 


16.00 


11.00 


Elements or stations 
t— Straight lines from-* 
hers aft 


9.14 






6.49 
















5 
6 
7 
8 
9 
10 
11 


20.50 
25.00 
29.50 
34.00 
38.50 
43.00 
47.50 






^Distance from oenter 
line (plane of sym- 
metry) to buttock 
( section of hull 


9.29 

9.29 
9.35 
9.56 
9.90 
10.38 


6.35 
6.41 
6.62 
6.96 
7.44 


,8.36 
♦6.35 
6 36 
6.41 
6,49 


6.50 

6.^50 
6.25 
5.46 
4.20 
2.40 


6.50 
6.25 
5.48 
4.20 
2.40 


6.50* 

6.50* 

6.44 

6.25 

5.97 

5.54 


Distance from base line to 
water line (section of hull 
surfaoe made by a horieon- 
tal plane parallel to base 
line) . 


12 


52.00 


11 

8 


00 
06 


surface made by a 
vertical plane par- 


LI. 00 


8.06 


6.60 


.10 


.10 












13 
14 
15 
16 
17 


-56.80 
61.60 
66.40 
71.20 
76.00 






allel to plane of 
symmetry) 






6.76 
6.96 
7.20 
7.47 
7.76 






4.94 

4.19 
3,. 31 
2.30 
1.22 












S.P. 


80.00 


8.06 














8.01' 






.30 
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TABLE III 



Test Data for N.A.C.A. Model No. 33-A Flying-Boat Hull 



Kinematic viscosity « 0.0000140 ft. 2 /sec. 
Water density, 63.5 l&./ou.ft. Water temperature, 52° F. 

Note i Positive moments tend to raise the bow 



Trim angle, T « 3° 



Load 
lb 



10 



20 



Speed 
f ,p.s 



37,3 
32.0 
37.3 
42.7 
52.3 



27.4 
33.0 
37,0 
42.5 
52.2 



27.5 
31.8 
37,2 
42.5 
52.2 



Resistance 
lb. 



1.9 
2.2 
3.7 
3,6 
4,3 



2.9 
3.4 
4.1 
3.9 
5.1 



5.0 
6.3 
6.4 
7.2 
7.7 



Trimming 
moment 
lb. -ft. 



-2 
-2 
-3 
-4 
-6 



-1 
-2 
-4 
-5 
-7 



6 
3 
0 
-3 
-7 



Trim angle, t = z° 



Draft 
at 

step 
in. 



0.7 
.7 
.5 
.5 
.6 



.8 
.7 
.7 
,6 
.7 

1.2 
1.1 

.9 
1.0 

.8 



Trim angle, t p 3° 



Load 
lb 



40 



5 


21.1 


1.3 


-2 


0.9 




23.1 


1.6 


-3 


.8 




26.2 


1.7 


-3 


.7 




31.2 


1.7 


-5 


.6 




37.3 


1.7 


-5 


.6 




42.2 


2.4 


-5 


.6 




46.5 


2.5 


-5 


.3 




51.5 


2.8 


-5 


.3 


10 


21.1 


2.1 


0 


1.0 




22.9 


3.4 


-2 


1.0 




26.1 


2.7 


-4 


.9 




31.6 


2.1 


-5 


.7 




36.5 


2.4 


-5 


.5 




37.5 


2.8 


-5 


.7 




42.2 


3.0 


-6 


.5 




46.5 


3.5 


-6 


.3 




51.5 


3.9 


-7 


.5 


20 


14.2 


3.1 


16 


3.0 




15.9 


3.1 


14 


1.8 




17.6 


3.3 


9 


1.8 




18.8 


3.3 


8 


1.7 




21.0 


3.7 


7 


1.5 




22.9 


3.6 


3 


1.2 




26.5 


3.8 


3 


1.1 




31.7 


3.7 


-3 


.9 




36.6 


4.4 


-5 


.9 




42.0 


5.1 


-6 


.9 




46.5 


4.7 


-9 


.7 




51.5 


5.2 


-10 


.7 " 



60 



80 



100 



10 



30 



Speed 
f .p.s, 



6.4 
7.9 
9.4 
11.1 
13.3 
13.8 
16.0 
17.4 
18.8 
31.1 
33.0 
26.3 
31.7 
36.9 
43.0 
46.5 



Resistance 
lb. 



6.3 
7.9 
9.3 
36.2 
31.5 
37.0 
42,4 



6.2 
7.9 



6.2 
7.8 



4,9 

6.1 
7.0 
7.8 
8.5 
9.6 
9.3 
8.4 
7.8 
6.6 
6.4 
7.0 
7.6 
8.1 
8.5 
8.8 



Trimming Draft 



moment 
lb. -ft 



6.8 
9.6 
11.4 
9.9 
9,8 
11.3 
11.9 



7.8 
12.2 



9.2 
14.9 



9 
18 
20 
21 
26 
38 
51 
51 
47 
37 
28 
21 
11 

3 
-1 
-5 



13 
27 
28 
52 
29 
17 
9 



30 



0 
30 



Trim angle, t 



20.4 


1.3 


-2 


0.8 


23.4 


1.5 


-3 


.7 


25.6 


1.4 


-3 


.7 


30.0 


1.8 


-3 


.7 


35.8 


3.6 


-4 


.5 


40.9 


2.7 


-4 


.4 


46.3 


3.3 


-5 


.4 


51.5 


3.7 


-5 


.4 


20.4 


1.9 


-2 


1,1 


22.4 


1.9 


-3 


1.0 


25.6 


2.3 


-4 


.7 


29.5 


3.5 


-5 


.8 


35.8 


3.1 


-7 


.5 


41.4 


3.8 


-8 


.6 


46.0 


4.1 


-8 


.6 


51.2 


4.6 


-8 


.5 


11.8 


3.5 


2 


2.2 


13.5 


3.7 


5 


2.0 


14.9 


2.7 


4 


1,9 


17.0 


2.9 


3 


1.9 


18.5 


2.8 


1 


1.8 


20.2 


2.9 


-1 


1.6 


22.4 


3.0 


-3 


1.3 


35.8 


3.4 


-5 


1.2 


39.7 


3.6 


-8 


1.0 


35.8 


4.3 


-8 


1.1 


41.5 


4.9 


-12 


.7 


46.0 


5.6 


-13 


.7 


51.2 


6.2 


-14 


.6 



at 
step 
in 



3.8 
3.6 
3.3 
3.3 
3.1 
3.0 
2.9 
2.6 
2.6 
3.1 

1.5 
1.4 
1.1 
1.0 
.9 



1,4 



5.2 
5.3 



5.7 
5.9 
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TABLE III (Continued) 

Test Data for N.A.O.A. Model No. 32-A Flying-Boat Hull 

Kinematic visoosity ■ 0.0000140 ft. 3 /sec. 
Water density, 63.5 lb./cu.ft. Water temperature 53° F . 



Note i Positive moments tend to raise the bow 





Trim angle, 


T" s 5O 




Trim angle, 


T « 7° 




Load 


Speed 


Resist anc e 


Trimming 


Draft 


Load 


Sr>A Ad 


Pftni fltanr>fl 

l VO 0 X O v BL±l \y O 


Trimming 


Draft 


lb. 


f .p.s . 


lb. 


moment 


at 


lb. 


f • P . 8 > 


lb. 


moment 


at 








lb. -ft. 


step 
in. 






lb. -ft . 


step 
in. 


40 


7.5 


5.2 


-1 


3.9 


20 


14.9 


3.2 


— 

-5 


1.7 




8.9 


5.6 


3 


3.7 




16 .8 


3 . 3 


-4 


1.6 




10 .2 


5 . 5 


5 


3.5 




18 » 1 


3 . 5 


-5 


1.6 




11.9 


5.7 


10 


3.3 




19 . 8 


3 .6 


-6 


1.4 




13. 5 


5.7 


33 


3.1 




22 .0 


3.8 


-7 


1.3 




14.9 


5.7 


31 


2.9 




23!3 


4.3 


-8 


1.3 




17.1 


5.6 


23 


2.7 




26.1 


4.6 


-11 


1,1 




18 .6 


5.8 


18 


3.3 




30 . 2 


5,4 


-14 


1.0 




20.3 


5.8 


12 


3 . 1 




35. 5 


6 . 3 


-17 


. 9 




22 ,4 


5.8 


7 


1.9 




40 . 5 


6 .9 


-21 


.8 




25 '. 4 


6 .0 


1 


1.6 




43. 9 


7 7 


-23 


. 7 




30 . 8 


6 ! 8 


-5 


1.4 




49 . 6 


a e 

O . D 


-25 


.7 




35 . 8 
41 . 3 


7.0 
7.6 


-10 
-15 


1.3 
1.1 














40 


5. 3 


3. 5 


-35 


4,1 




45^8 


Q*.5 


-18 


.9 




7^2 




-23 


3.9 














8.5 


5.6 


-18 
















3.7 


60 


7.4 


8 .4 


1 


4.9 




in p 

xU . 0 


H 1 
0 . X 


-14 


3.4 




9 .0 


10 .0 


11 


4 .6 








-11 


3 . 1 




10^3 


10 Is 


13 


4.4 




13.1 


6.3 


1 


2.9 




11 8 


11.1 


18 


4,1 




14.9 


6 . 2 


9 


3.6 




13.4 


11.8 


33 


4.1 




16.7 


6 .4 


10 


3.3 




14.9 


12.0 


51 


3.9 




18 .0 


6 . 5 


5 


2.4 




16.8 


11.0 




0 . b 




19^4 


6*6 


O 


<5 . L 




18.6 


9.1 


59 


3.4 




22.3 


6.7 


-3 


1.7 




20.3 


8.9 


44 


3.8 




23.3 


b.b 


-5 


.9 




22.3 


8.8 


31 


2.3 




26.1 


6.9 


-7 


1.6 




25.3 


8.6 


18 


2.0 




30.2 


8.0 


-15 


1.4 




30.5 


9.0 


A 


1.6 




35.6 


9.2 


-23 


1.2 




35.6 


9.7 


-4 


1.6 




40.4 


10.0 


-27 


1.1 




41.3 


10.2 


-13 


1.3 




44,0 


10.7 


-31 


.8 


80 


7.4 


10.9 


-3 


5.5 


60 


5.3 


4.1 


-39 


4.7 




9.0 


14.5 


18 


5 . 5 




7.2 


7.8 


— H8 


4 7 




10.3 


16.9 


23 


5.3 




8.6 


8.8 


-17 


4!5 




11.7 


18.1 


33 


5.1 




10.2 


9.8 


-10 


4.3 




13.3 


20.0 


35 


4.9 




11.5 


10.0 


-3 


4.1 




22.4. 


12 0 




2.8 




13.0 


9.6 


7 


4.0 




^5 , 4 


11.7 


45 


2.4 




14.9 


9.5 


30 


3.5 




30.6 


11.7 


17 


1.9 




16.7 
18.0 


9.5 
9.7 


38 
29 


3.3 
2.9 


100 


7.5 


12.9 


-8 


6.1 




19.5 


9.7 


24 


2.6 




8.9 


17.7 


17 


6.1 




22.3 


9.6 


9 


2.3 










23.5 
36.2 


9.6 
9.6 


6 
-2 


2.2 




Trim angle, 


r ■ 7° 






1.9 














30.2 


9.9 


-9 


1.7 


5 


19.8 


1.6 


-4 


0.7 




35.4 


11.6 


-20 


1.3 




21.8 
23.2 
26.1 
30.7 
35.1 
39.0 
43.2 
49.0 


1.7 


-5 


.6 




40.0 


12.8 


-37 


1.3 




2.0 
2.3 
2.7 
3.4 
3.9 
3.4 
3.3 


-5 
-6 
-7 
-8 
-9 
-13 
-13 


.6 
.6 
,5 
.4 
.4 
.2 
.1 


80 


5.3 
7.3 
8.7 
10.1 
11.5 
13.8 
12.9 


5.3 
9.4 
13.0 
14.4 
15.0 
15.5 
15.6 


-43+ 
-36 
-14 
-9 
-3 
11 
13 


5.6 
5.4 
5.3 
5.1 
4.8 
4.6 
4.8 


10 


19.8 
21.8 
23.2 
26.1 
30.8 
35.0 
39.8 
43.0 
49.3 


3.5 
3.7 
2.9 
3.3 
3.8 
4.5 
5.1 
5.6 
6.4 


-6 
-6 
-7 
-9 
-11 
-13 
-14 
-18 
-16 


1.3 
.9 
.8 
.7 
.7 
.5 
.5 
.4 
.4 




14.2 
14.9 
16.6 
18.0 
19.3 
22.4 


14.9 
14.8 
13.9 
13.5 
13.1 
13.4 


29 

44 

65+ 

64+ 

55 

30 


4.5 
4.5 
4.1 
3.8 
3.3 
2.5 
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TABLE III (Continued) 



Test Data for N.A.C.A. Model No. 33-A Flying-Boat Hull 



Kinematic visoosity « 0.0000140 ft. 2 /seo. 
Water density, 63.5 lb./cu.ft. Water temperature 52© F 



Note: Positive moments tend to raise the bow 





Trim angle, 


r — f 




Trim angle, 


T « 11° 




Load 


Speed 


Resistance 


Trimming 


Draft 


Load 


Speed 


Resistance 


Trimming 


Draft 


lb. 


f .p.s. 


lb 


moment 


at 


lb. 


f .p. 9 . 


lb. 


moment 


at 








lb . -ft . 


step 








lb. -ft. 


step 










in. 










in. 


80 


23.6 


13.0 


33 


3.4 


80 


11.8 


15.0 


— 


4 .8 




26.2 


12.7 


9 


2.3 




12 . 7 


15 . 4 


-34 


4 . 5 




30.4 


13.1 


-1 


1.8 




14.4 


16,7 


-17 


4 . 1 














14,8 


16.7 




4.1 


















-11 




100 


5.4 


5.9 


-55- 


5.9 




16.4 


17.0 


1 


3.7 




7.1 


11,4 


-44 


















6,0 














8.7 


16.6 


-16 


6.0 


100 


11.6 


30.0 


- 


5.7 




9.6 


19.3 


-6 


6.1 




13.9 


19.3 


-30 


5.5 




9.9 


19.0 


-6 


5.9 




14.6 


20.5 


1 


4.9 




11.2 


20,5 


-5 


5.8 




16.3 


31.6 


19 


4.6 
























12.5 


23.3 


6 


5,6 














14.5 


33.1 


36 


5.4 














16.0 


33.7 


66- 


5.2 












Trim angle, 


T = 90 














20 


14.5 


3.8 


-16 


1.6 














16.3 


4.3 


-13 


1.6 














18.0 


4,6 


-13 


1.7 














19.5 


4.8 


-13 


1.5 














21.9 


5.1 


-15 


1.3 












40 


10.3 


7.0 


-33 


3.3 














11.8 


6.9 


-29 


2.9 














12.8 


7.1 


-20 


2^7 














14,7 


7.4 


-9 


2.5 














16.3 


7.5 


-7 


2.4 














18.3 


7.4 


-6 


2.3 














19.3 


7.4 


-5 


3.3 














21.9 


7.6 


-8 


1.7 












60 


10.1 


10.9 


-36 


4.3 














11.0 


10.6 


-32 


4.0 














12.8 


10.7 


-17 


3.9 














14.8 


11.0 


2 


3.4 














16.4 


11.0 


9 


3.2 














18.0 


10,8 


10 


3.0 














19.8 


10.9 


4 


3.4 














22.0 


11.0 


-1 


2.3 ! 












80 


10.0 


14.3 


-40 


5.1 














11.2 


15.3 


-36 


5.0 














11.4 


15.1 


-32 


4.8 














12.7 


14.3 


-15 


4.6 














13.2 


14.3 


-6 


4.8 














14.1 


14.4 


7 


4.4 














16.3 


14.8 


34 


4.1 














17.8 


15.0 


33 


3.6 














19.5 


14.6 


36 


3.3 














21.0 


14.3 


16 


3.6 












IOC 


9.8 


18.1 


-44 


5.8 














11.1 


19.3 


-41 


5.7 














11.3 


19.2 


-38 


5.5 














12.7 


21.3 


-3 


5.6 














14.3 


19.2 


17 


5,3 














16.1 


19.3 


53 


4.9 














18.2 


18.9 


65 


4.3 | 
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TABLE IV 

Test Data for N.A.CA. Model Ho. 35 Flying-Boat Hull 

Kinematic vieooeity = 0.0000145 ft. 2 /sec 
Water density, 63.5 lb./ou.ft. Water temperature 50° F. 



Hotei Positive moments tend to raise the bow 



Trim angle, 


T = 30 




Trim angle, 


T » 3° 




Load 


Speed 


Resistance 


Trimming 


Draft 


Load 


Speed 


Reeistanoe 


Trimming 


Draft 


lb. 


f .p.s. 


lb. 


moment 
lb. -ft. 


at 

step 
in. 


lb. 


f .p.s. 


lb. 


moment 
lb. -ft. 


at 

step 

1 Ti 
AH • 


5 


— — — 
21.7 


1.3 


-2 


1.1 


60 


6.3 


4.4 


-1 


5.1 




23,2 


1.4 


-1 


1.3 




8.4 


8.7 


22 


5.3 




26.0 


1.6 


-2 


1.2 




26.8 


18.0 ' 


67+ 


3.5 




31.2 


l.B 


-3 


.9 




31.6 


13.0 


66 


2.8 




37, 2 


3.3 


-5 


.8 




37.3 


12.1 


38 


2.3 




43.3 


3.3 


-5 


.7 




43.0 


13.1 


20 


1.8 




47.0 
47 .6 


3.6 
3.4 


-6 
-4 


.7 
.7 




47.0 


13.1 


6 


1.7 












6.0 




47 .8 


3.5 


-5 


.7 


80 


6.1 


5.1 


-3 




57 .0 


2.9 


—0 


a 
.O 




8.5 


11.6 




6.3 


10 


21 . 3 


1.9 


-1 


1.6 


100 


6.1 


5.5 


-2 


6.8 




23 . 7 






1.4 














2.3 


-1 










7.4 




26 . 7 
31 . 7 


3.5 
3.8 


-3 


1.3 


130 


5.9 


6.1 


-1 




-4 


1.3 












36 . 3 


3.3 


-6 


1.0 


Trim angle, 


r - 5° 






43 . 1 


3 . 1 


-7 


.8 
























47 .9 


3 . 5 


-7 


.8 


5 


20.4 


1.1 


-3 


1.2 




48 . 2 


3.8 


-7 


.7 




22.5 


1.3 


-3 


1.1 




56 .4 


3.9 


-8 


.7 




25.2 


1.1 


-3 


.9 














30.9 


1.7 


-3 


.8 
















#0 


6 . 3 


1.9 


-1 


3.3 




35.0 


1.7 


-5 


.6 




8!4 


2.4 


5 


3.2 




40.1 


2.0 


-5 


.6 




10.5 


2.7 


5 


2.9 




45.0 


2.1 


-4 


.4 




12.9 


3.0 


6 


2.8 




50.4 


2.5 


-4 


.5 




14.8 


3.1 


f 






56.0 


2.4 


-4 


.6 




17.4 


3.6 


14 


3.7 














19.7 


3.4 


13 


2,5 


10 


30.5 


1.8 


-3 


1.6 




31.3 


3.7 


8 


2.3 




22.6 


1.9 


-4 


1.3 




23.6 


4.1 


9 


1.8 




25.2 


1.8 


-5 


1.3 




26.4 


4.0 


3 


1.7 




30.8 


2.2 


-5 


1.0 




31.6 


4,6 


-1 


1.5 




35.0 


2.7 


-8 


.8 




37.0 


4.8 


-5 


1.3 




40.5 


2.7 


-9 


.9 




44.0 


5.3 


-8 


1.3 




44.8 


2.7 


-8 


.6 




46.7 


6.1 


-10 


1.1 




50.3 


3.3 


-10 


.7 




53.7 


5.7 


-11 


.8 




56.0 


3.3 


-6 


.7 




57.6 


5.9 


-13 


.9 










3.6 










20 


5.7 


1.7 


-13 


40 


6.2 


3.3 


1 


4.4 


8.4 


2.4 


-9 


3.3 




8.4 


5.6 


13 


4.4 




9.7 


2.3 


-9 


3.3 




10.3 


6.8 


15 


4.1 




12.0 


2.8 


-9 


2.8 




12.5 


7. a 


15 


3.8 




13.8 


2.9 


-3 


2.7 




14.4 


8.4 


19 


3.6 




16.2 


3.0 


3 


2.5 




16.8 


9.7 


30 


3.7 




18.3 


3.0 


3 


2.4 




19.3 


10.4 


47 


3,6 




30.3 


3.3 


1 


2.3 




21.5 


10.8 


52 


3.4 




22.3 


3.2 


-1 


1.9 




23.6 


9*6 


48 


3.1 




25.2 


3.1 


-4 


1.6 




27.0 


8.3 


39 


3.7 




31.1 


3.5 


-8 


1.4 




32.3 


8 2 


18 


2.0 




35.3 


3.9 


-10 


1.3 




37.4 


8.8 


12 


1.8 




39.5 


3.9 


-13 


1.1 




43.8 


8.8 


-1 


1.5 




45.3 


4.2 


-13 


1.0 




47.4 


9.1 


-6 


1.2 




51.7 


4.3 


-12 


.9 




53.6 


9.9 


-9 


1.4 




56.4 


4.9 


-15 


.9 
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TABLE IV (Continued) 



Test Data for N.A.C.A. Model No. 35 Flying-Boat Hull 

Kinematic viscosity - 0.0000145 ft. 2 /sec. 
Water density, 63.5 Ib./ou.ft. Water temperature 50 F. 



Note : Positive moments tend to raise the bow 



Trim angle, t c 5 0 


Trim angle, ' 


r = 7° 




Load 
lb. 


Speed 

f .p. 8, 


Resistance 
lb. 


rrimming 
moment 
lb . -ft . 


Draft 
at 

step 
in. 


Load Speed 
lb. f.p.s. 


Resistance 
lb. 


rrimming 
moment 
lb -ft. 


Draft 
at 

step 
in. 


40 


5.7 
8.4 
9.7 
12.1 
14.1 
16.3 
18.4 
20.4 
22.4 
24.9 
30.1 
35.7 
39.2 
44.1 
52.7 


2.9 
5.3 
5.7 
5.7 
5*8 
6.0 
6.1 
5.8 
6.1 
5.9 
6.2 
6.6 
6.6 
7.0 
7.4 


-15 
-2 
-1 
-2 
3 
20 
27 
24 
15 
10 
0 
-8 
-13 
-17 
-21 


4.6 
4.5 
4.4 
4.1 
3.8 
3.8 

•z n 
O . f 

3.1 
2.9 
2.4 
2.1 
1.6 
1.5 
1.3 
1.3 


20 


5.4 
7.3 
9.5 
it 0 

13.6 
161 
18.2 
20.5 
35.0 
29.4 
35.0 
40.3 
46.7 
51.1 
55.2 


1.9 
2.7 
2.9 
3.0 
3.1 
3.2 
3.3 
3.4 
3.4 
3.7 
3.9 
4.9 
5.8 
6.5 
7,1 


-22 
-19 
-19 
-18 
-15 
-10 
-7 
-6 
-9 
-12 
-13 
-17 
-20 
-30 
-23 


3.6 
3.4 
3.0 
2.7 
2.5 
2.3 
2.2 
2.2 
1.5 
1.4 
1.0 

1.0 

.7 
.8 
.7 


60 


5.9 1 

8.3 

9.8 
11 .7 
13 .9 
16.3 
18.3 
20.5 
22.5 
25.2 
30.2 
35.8 
39.6 
44.8 


4.2 
8.2 
9.8 
11.4 
12 .9 
13.3 
12.5 
12.0 
9.7 
9.5 
9.2 
10.1 
9.8 
10.4 


-17 

5 
8 
10 

1 Q 
it? 

33 
52 
68 
58 
45 
18 
2 
-9 
-16 


5.5 
5.6 
5.4 
5.1 

4.9 
4.9 
4.4 
3.8 
3.2 
2.4 
2.0 
1.8 
1.6 


40 


5.0 
7.4 
9.1 
9.7 
9,9 
11.4 
13.6 
16.0 
18.4 
30.7 
25.0 
29.9 
35.3 
40.0 
45.8 
51.1 


2.5 
4.7 
5.8 
5.8 
5.9 
6.4 
6.0 
6.4 
6.3 
6.2 
6.5 
6.6 
7.3 
7.4 
8.1 
9.3 


-33 
-31 
-30 
-19 
-19 
-17 
-13 

-1 
5 
3 

-4 
-12 
-17 
-33 
-25 
-33 


4.7 

4.8 
4.5 
4.4 
4.4 
4.2 
3.8 
3.6 
3.3 

O * I 

2.3 
2.0 
1.5 
1.4 
1.2 


80 


5.8 


5.0 


-18 


6.4 
6 .5 
6,1 
6.0 
4.1 
3.1 
3.5 




.9 




8.2 
9.7 
11.7 
25.5 
29.7 
35.4 


10.8 
13.5 
16.9 
15.4 
12.8 
12.8 


7 

5 
12 
71+ 

52 
23 


60 


4.9 
7.4 
9.1 
11.5 
13.5 
15.6 
18.4 
30.7 
32.1 
35.3 
39.5 
35.0 


3.1 
6.7 
9.0 
10.3 
10.9 
9.7 
9.3 
9.8 
9.7 
9.7 
9.8 
10.4 


-40 
-20 
-16 
-13 
-1 
12 
32 
30 
27 
10 
-3 
-15 


5.7 
5.8 
5.6 
5.3 
5.0 
4.7 


100 


5.9 
8.1 
9.7 


5.8 
13.3 
16.7 


-18 

9 
8 


7.3 
7,3 
7.0 




4.7 
4.1 
3.6 
2.9 
2.3 
2.0 


120 


5.9 


6.1 


-17 


7.9 




Trim angle, 


r - 70 






40.9 
45.8 


10.6 
11.3 


-24 
-30 


1.6 
1.4 


5 


21.0 
21.3 
24.3 
29.7 
35.0 
40.8 
45.0 
50.0 
54.4 


1.3 
1.2 
1.3 
1.9 
3.4 
3.0 
3.3 
4.0 
4.7 


-3 
-3 
-3 
-4 
-7 
-8 
-7 
-9 
-11 


1.1 
1.0 
.8 
.6 
.5 
.3 
.4 
.3 
.3 


80 


4.9 

7.3 
9.3 
11.5 
13.6 
15.7 
18.4 
20.3 
21.9 
25.5 
29.3 
35.1 


3.4 
9.0 
12.1 
14,9 
16.4 
18.3 
15.4 
14.4 
13.5 
13.3 
13.2 
13.3 


-42 
-21 
-13 
-7 

5 
31 
55 
66 
69 
34 
13 
-7 


6.6 
6.6 
6.4 
6.2 
5.9 
5.8 
5.5 
5.1 
4.5 


10 


21.0 
21.1 
25.0 
29.4 
35.4 
40.9 
46.0 
51.0 
55.3 


2.0 
2.0 
2.1 
2.4 
3.1 
3.4 
4.1 
4.5 
0 .0 


-6 
-5 
-6 
-7 
-10 
-10 
-10 
-12 
-15 


1.6 
1.4 
1.1 
.9 
.6 
.7 
.6 
.6 
.4 




3.4 
2.8 
2.4 
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TABLE IV (Continued) 
Teat Data for N.A.CA. Model No. 35 Flying-Eoat Hull 



Kinematic viscosity - 0,0000145 ft. 3 /seo. 
Water density, 63.5 lb./cu.ft. * . Water temperature 50° F. 

Hote» Positive moments tend to raise the bow 





1 


Prim angle, 


r « 7 o 






Trim angle, 


T « 9° 




Loac 
lb. 


I Speed 
f .p.8. 


Resistance 

lb. 


Trimming 
moment 
lb . -ft . 


Draft 
at 

step 
in. 


Load 
lb. 


Speed 
f .p. 8. 


Resistance 
lb. 


Trimming 
moment 
lb. -ft. 


{ Draft 
at 

step 

in. 


100 


4.9 
7.3 
9.1 
10.9 
13.2 
15.4 
18.3 
20.4 
22.0 
25.2 


3.7 
10.8 
15.1 
18.9 
22.5 
28.6 
35.0 
23.6 
21.1 
17.3 


-42 
-21 
-10 
! -7 
11 
53 
69 
72+ 
72+ 
70+ 


7.4 
7.6 
7.3 
7.0 
6.8 
7.0 
6.4 
6.1 
5.5 
4.3 


80 


6.1 
8.5 
9.6 
11.9 
14.0 
16.8 
19.0 
21.1 
23.5 
27.0 


6.5 
11.1 
13.0 
15.0 
16.7 
15.0 
15.1 
15.3 
15.1 
15.0 


-45 
-34 
-33 
-20 

0 
18 
37 
37 
31 

5 


7.0 
6.9 
6.6 

ft 9 

6.1 
5.6 
5.0 
4,5 
4.0 
3i3 


120 


5.0 
7.2 
9.1 
11.1 


6.3 
12.5 
18.4 

23.8 


-36 
-18 
-6 
-3 


8.3 
8.3 
8,1 
7.8 


100 


6.0 
8.6 
9.6 
11.9 


7.0 
13.6 
15.6 
19.8 


-45 
-30 
-31 
-10 


7.8 
7.6 
7.5 
7.2 




Trim angle, 


T « 9° 






13.9 
17.3 


21.9 
21.1 


7 
39 


7.1 

6.6 


20 


6.4 
8.6 
9.9 
11.9 


2.9 
3.6 
3.7 
3.7 


-27 
-25 
-26 
-27 


3.7 
3.4 
3.0 
3.7 




18.5 
20.3 
23.5 
27.0 


20.2 
20.0 
19.3 
18.9 


53 
63 
50 
33 


6.3 
5.6 
4.7 
3.6 




14.4 

16.4 
19.1 
20.4 


3.8 
4.0 
3.9 
4.0 


-22 
-19 
-17 
-14 


3.4 
3.4 

2.3 
2.0 


130 


6.1 
8.6 
9.6 
11.9 


13.1 
18.9 
31.3 
36.1 


-40 
-18 
-19 
-3 


8.9 
8.8 
8.7 
8.3 


40 


6.2 
8.6 


4.3 
6.4 


-37 
-36 


5.1 
4.7 


Trim angle, " 


r - no 






10.0 
12.0 
14.4 
16.9 
18.5 
20.9 


7.1 
7.1 
7.3 
7.1 
7.3 
7.4 


-32 
-27 
-32 
-15 
-14 
-11 


4.5 
4.3 
3.7 
3.7 
3.3 
3.9 


60 


10.8 
14.1 
15.8 
17.8 
20.0 


13.5 
13.1 
13.0 
13.0 
13.1 


-40 
-31 
-37 
-22 
-22 


5.6 
4.9 
4.5 
4.1 
3.8 








80 


10.9 
13.3 
15.4 
17.8 
30.0 


15.6 
18.1 
17.4 
17.4 
17.3 


-42 
-32 
-14 
-7 
-6 




60 


6.2 
8.5 
9.7 
12.1 
14.1 


5.6 
9.0 
10.0 
11.3 
10.7 


-44 
-35 
-34 
-23 
-14 


6.0 
5.9 
5.6 
5.3 

4.8 - 


6.6 
6.2 
5.5 
4.9 
4.5 




16.8 
18.8 
31.1 
33.0 
26.3 


11.3 
11.3 
11.1 
11.3 
11.2 


-1 

3 
3 
-3 
-8 


4.7 
4.1 
3,7 
3.4 
3.9 


100 


10.9 
13.4 
15,4 
17.6 


19.4 
33.1 
31.7 
33.0 


-36 
-14 
3 
15 


7.6 
7.3 
6.7 
5.9 
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Figs. 1,2 
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Fig-ure 1. - Lines of N.A.C.A. model 22-A 
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Figure 2.- Lines of N.A.C.A. model 35 
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Figs. 3,4 
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Figure 3.- Resistance and trimming moment, t=2°. Model 22-A 
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Figure 4.- Resistance and trimming moment, t=3° . Model 22-A 
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Figure 5.- Resistance and trimming moment, t=5°. Model 22 -A 
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Figure 6.- Resistance and trimming moment, t=7°. Model 22-A 
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Figs. 7,8 




Figure 7.- Resistance and Figure 8. - Resistance and 

trimming trimming 
moment. r = 9°. Model 22 -A. moment. t = 11°. Model 22-A. 
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Figs. 9,10,11,12 
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Figure 9.- Trimming moments at 
rest. Model 22-A. 
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Figure 10.- Drafts at rest. 

Model 22-A. 
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Figure 13.- Variation of Cr 
with Ca at best 
trim angles. Model 22~A 
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Figure 15.- Variation of A/R 

with Ca at best 
trim angles. Model 22-A 
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Figs. 16, 17 




Speed, f.p.s. 



Figure 16.- Resistance and trimming moment, r=3°. Model 35 
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Figure 17.- Resistance and trimming moment, t«5 w . Model 35 





Figure 18, - Resistance and trimming moment, r=7°. Model 35 




Figure 19.- Resistance and 

trimming 
moment , t = 9° . Model 35 . 



Figure 2 0.- Resistance and 

trimming 
momen t , i = 1 1° . Model 35 . 
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Figs. 21,22.23,24 
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Figures 25a & 25b.- Variation of Cr with Ca at best 

trim angles. Model 35. 
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